S
unflowers are an important cut flower and garden ornamental, and could make a profitable potted flowering plant due to short crop time, ease of propagation and attractive flowers. However, sunflowers can become disproportionately large relative to their container size, especially when grown in a greenhouse, and can be difficult to keep adequatelywatered in the postharvest environment .
The most important commercial potted sunflower cultivars are 'Big Smile', 'Elf', 'Pacino', 'Sundance Kid', 'Sunspot', and 'Teddy Bear' . 'Big Smile', 'Pacino', and 'Elf' are dwarf cultivars, but require the application of growth regulators to produce properly proportioned plants. The plant height should be 1.5 to 2.0 times the height of the pot. and Whipker and McCall (2000) produced marketable-sized sunflowers in 6-inch diameter [73 inch 3 (1.2 L)] pots with paclobutrazol drench concentrations of 2 to 4 mg/pot (a.i.) or with daminozide spray concentrations of 4,000 to 8,000 ppm.
Sunflower postharvest life is relatively short as shown by a preliminary experiment (data not published) in which the flowers remained acceptable for up to 2 weeks, but the lower foliage began to yellow and senesce immediately after anthesis. Whipker and Dasoju (1997) recommended growing sunflowers with 150 ppm nitrogen constant liquid fertilization for maximum shelf life, with fertilization discontinued 7 to 10 d before anthesis.
Older leaf senescence must be delayed to improve the longevity and quality of the crop. Treatments with Promalin (Abbott Laboratories, North Chicago, Ill.), a gibberellin (GA 4+7 ) and benzyladenine (BA) mixture, at 250 ppm reduced leaf senescence of potted lilies (Lilium hybrid) (Funnell and Heins, 1998) . Han (1997) showed that Promalin concentrations as low as 25 ppm were effective in reducing leaf yellowing in easter lilies (Lilium longiflorum). Flower longevity increased when 'Stargazer' hybrid lily (Lilium 'Stargazer') and easter lily were sprayed with Promalin at 100 ppm (Ranwala and Miller, 1998; Ranwala et al., 2000) . (Dole, 1999) .
Postproduction longevity of many plants has been extended by holding or shipping at low temperatures (Halevy and Mayak, 1981) . Storage of plants at low temperatures of 34 to 41 o F (1 to 5 o C) decreased respiration and ethylene production, and increased postproduction life of potted flowering plants (Nell and Noordegraaf, 1991) . Duration of storage can also affect plant quality (Gibbs et al., 1989) . Some plants tolerate low temperatures for a short time, but prolonged exposure to the same temperature can cause chilling injury (Marousky and Harbaugh, 1980 peatmoss, Saint-Modeste, Que., Canada) and spaced 12 × 12 inches (30 cm) apart. Plants were grown in a corrugated polycarbonate-covered greenhouse set at 72/59 o F (22/15 o C) day/night temperatures. Plants were fertigated at each irrigation with 250 ppm N from a premixed commercial 20N-4.4P-16.6K fertilizer (Peter's Professional 20-10-20, Scott's Co., Marysville, Ohio). All data were subjected to analysis of variance using the general linear models (GLM) procedure (SAS Inst., Cary, N.C.).
EXPERIMENTS 1 TO 4. Four experiments were conducted using six dwarf sunflower cultivars: 'Big Smile', 'Elf' (Expts. 1 and 4 only), 'Pacino', 'Sundance Kid', 'Sunspot' and 'Teddy Bear'. Seeds were sown on 12 Nov.1998 (Expts. 1 to 3) or 6 Dec. 1999 (Expt. 4) and transplanted on 30 Nov. 1999 (Expts. 1 to 3) or 26 Dec. 1999 (Expt. 4) into the final round plastic pot. Plants were grown under natural daylengths (except Expt. 4) which ranged from 9 h 54 min at transplanting to 10 h 43 min at the average date of anthesis.
At flowering, date and plant height from medium to top of plant (tallest plant if more than one plant in pot) were recorded. Plants were moved to the postproduction area [15 µmol·m C)] when they reached marketable stage (flowering, outer petals perpendicular to base) and foliar chlorosis ratings were taken after 5, 10, and 15 d and termination date (date of unacceptable appearance) was recorded. Foliar chlorosis ratings ranged from 1 to 5: 1 = plants with ≥25% chlorotic leaves, 2 = plants with ≥10% and <25% chlorotic leaves, 3 = plants with ≥5% and <10% chlorotic leaves, 4 = plants with <5% chlorotic leaves, and 5 = plants without chlorotic leaves. Data collected ceased when ≥25% leaves were chlorotic and ≥50% of the petals on the primary flower had senesced or abscissed. For Expt. 4, the number of nodes was also recorded at flowering, postproduction life was not determined, and foliar chlorosis was not rated.
Ten single-plant replications were used in each experiment. Plants were arranged in a completely randomized design on greenhouse benches and in the postproduction area.
POT SIZE (EXPT. 1). 'Big Smile', 'Elf', 'Pacino', 'Sundance Kid', 'Sunspot' and 'Teddy Bear' plants were transplanted into 4, 5, or 6-inch-diameter [24, 31, or CULTIVAR, PLANT NUMBER/POT, AND GROWTH RETARDANT (EXPT. 6). Seeds of 'Pacino' and 'Teddy Bear' were sown on 21 Dec. 1999 and seedlings were transplanted into 6-inchdiameter pots on 20 Jan. 2000. The plants were grown under natural daylengths, which ranged from 10 h 5 min at transplanting to 12 h 35 min at the average date of flowering. One or three seedlings were planted per pot and sprayed with water, 8,000 ppm daminozide applied at 0.005 gal/ft 2 , or drenched with 2 mg/pot (a.i.) paclobutrazol (Uniroyal Chemical, Middlebury, Conn.) 14 d after planting, resulting in a 2 × 2 × 3 × 2 factorial arrangement of two cultivars, two different plant numbers per pot, three plant growth regulators and two locations. Data collected were anthesis date, plant height from medium to top of tallest plant, and flower diameter ('Pacino' only). Ten single-plant replications were used and arranged in a completely randomized design on the greenhouse benches.
Results and discussion CULTIVAR (EXPT. 1). 'Pacino' and 'Elf' required the greatest number of days to reach anthesis, were the tallest, and had the shortest postharvest life (Table 1) . 'Big Smile' required the fewest number of days to reach anthesis, was the shortest, and had the longest postharvest life. 'Teddy Bear' had the least foliar chlorosis with a 5.0 rating (with 5 the least foliar chlorosis) after 5 d and a 4.2 rating after 10 d in the postproduction environment (Table 1) . 'Sunspot' had the most foliar chlorosis, 3.1 rating, after 10 d. Most plants of all cultivars were not marketable at 15 d after anthesis.
RESEARCH REPORTS
Only three of the six sunflower cultivars were acceptable as potted plants: 'Elf', 'Pacino' and 'Teddy Bear' had an acceptable plant height of 1.5 to 2 times the pot depth, proper balance between foliage and flower, and a postproduction time of 10 d or more (Tables 1 and 2 ). 'Big Smile' plants were too short with very small flowers while 'Sundance Kid' plants were too tall, with long stems and few leaves resulting in unattractive plants. The flowers of 'Sunspot' were often malformed, and petals did not expand. 'Elf' gave similar results to 'Pacino' and the two cultivars could be interchangeable.
POT SIZE (EXPT. 1). A quadratic relationship existed between pot size and plant height such that plants in the 5-inch pots were taller than in 4-or 6-inch pots (Table 1 ). The 4-inch pots dried out quickly, which could have reduced plant height and would increase irrigation requirements. On the other hand, plants in the 6-inch pots did not dry out for 1 to 2 weeks after planting which reduced fertilization application and height. Dole (1999) noted that increasing plant number per flat decreased sunflower stem length. While postproduction life of plants in the 6-inch pots was also one day less than that of plants in 4-or 5-inch pots, this would not likely be noticeable by sunflower growers and consumers. Pot size had no effect on days to anthesis or foliar chlorosis ratings.
PROMALIN RATES (EXPT. 2). When applied at flowering, increasing Promalin concentration linearly increased height and decreased postharvest life (Table 1) . Promalin did not influence days to anthesis or foliar chlorosis rating at 5 d after placement in the postproduction environment. However, plants treated with 0 or 500 ppm Promalin had the greatest foliar chlorosis after 10 d. Promalin did not produce sufficient positive results to be commercially useful in extending postproduction life or reducing foliar chlorosis of sunflowers.
PLANT NUMBER PER POT (EXPT. 3). Three plants per pot reduced days to flowering by 3 d compared to one or five plants per pot (Table 1) . Three plants per pot may have reduced time to anthesis compared with one plant/ pot due to stress caused by competition for nutrients, water and light (Bernier et al., 1981) . However, five plants per pot delayed anthesis and linearly shortened postproduction life (Table 1) . Pots with five plants wilted readily which significantly reduced postproduction life, but surprisingly had no influence on plant foliar chlorosis. Number of plants per pot did not influence plant height or foliar chlorosis ratings. Three plants per pot gave a fuller look to the pot, which may make it more attractive to consumers.
PHOTOPERIOD (EXPT. 4). All sunflower cultivars grown with the 16-h photoperiod flowered later than with the 8-or 12-h photoperiods, except for 'Sundance Kid' for which photoperiod had no effect (Table 2 ). All cultivars were facultative short day plants except for 'Sundance Kid' which was day neutral (Table 2) . Robinson et al. (1967) and Schuster (1985) also noted that some sunflower cultivars were short day plants and others were day neutral. Long photoperiods increased plant height for all cultivars except 'Sundance Kid' (Table 2) . While all treatments received 8-h of incandescent light, the 8-h photoperiod received 8 h of incandescent light concurrent with 8 h of natural sunlight and the 16-h photoperiod received 8 h of incandescent light after 8 h of natural sunlight. The 8 h of incandescent light after natural sunlight in the 16-h photoperiod may have induced stem elongation due to the high amount of far-red light from incandescent lamps. Light quality is only partially the reason for increasing height with longer daylengths as node numbers for the 16-h photoperiod were also greater than the 8-or 12-h photoperiods for all cultivars except 'Elf' and 'Sundance Kid'; increasing number of nodes would have also increased height.
COLD STORAGE (EXPT. 5). One to two weeks of cold storage at 41 o F had no influence on the postcooler life for 'Pacino' and 'Teddy Bear', which was 11 to 12 d. While cold storage for 2 weeks also did not decrease postcooler life, foliage was cold damaged. Thus, 2 weeks of cold storage would not be commercially useful. The ability to be cold-stored for 1 week allows excess production to be stored for a week and allows plants to be shipped in refrigerated trucks. Consequently, increasing duration of cold storage increased total postproduction life from 12 d when not stored to 19 d with 1 week storage. Cultivar and daminozide application had no effect on postcooler and postproduction life (data not presented).
CULTIVAR, PLANT NUMBER/POT, AND GROWTH RETARDANT (EXPT. 6). 'Teddy Bear' plants flowered 9 to 14 d more quickly than 'Pacino' plants and 'Teddy Bear' plants were shorter than 'Pacino' plants (Table 3) . Whipker and McCall (1998) also noted that 'Teddy Bear' plants were shorter than 'Pacino.' As in Expt. 3, three plants per pot reduced days to flowering but number of plants per pot did not effect plant height or flower diameter (Table  3) .
Daminozide and paclobutrazol treatments, following the rates recommended by , were both effective in reducing plant height, regardless of cultivar (Table 3) . However, plants treated with daminozide or paclobutrazol had similar or greater number of days to anthesis compared to the control. Whipker and McCall (2000) also noted that daminozide and paclobutrazol delayed flowering of 'Pacino' and 'Teddy Bear' by 1 to 4 d. While the delay in flowering from the growth regulators was statistically significant, it would not limit commercial production. Daminozide and paclobutrazol decreased flower diameter of 'Pacino' pots with one plant per pot by 0.2 to 0.8 inch (1.9 to 2.1 cm) compared to the untreated controls; however, the decrease in flower diameter would not be commercially important.
Conclusion
'Elf', 'Pacino', and 'Teddy Bear' were determined to be the best cultivars for production of potted sunflowers because they had an acceptable height of 1.5 to 2 times the pot depth, proper balance between foliage and flower, and a postproduction time of 10 d or more. One plant per 6-inch pot gave excellent results, but three plants per pot might be more appealing to consumers (J. Young, personal communication). A spray of daminozide at 8,000 ppm or a paclobutrazol drench of 2 mg/pot (a.i.) were effective in controlling plant height and making plants more suitable for pot production. A photoperiod of 12 h is suggested to obtain a profitable high quality crop. Since plants required frequent irrigation, automated irrigation would be best. Promalin is not commercially useful in preventing lower leaf chlorosis. Once sunflowers have reached anthesis, cold storage for one week could extend postproduction life of the potted sunflowers.
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